Over the last two decades, the use of motor imagery (MI) for post-stroke rehabilitation has significantly increased. Previous findings support the feasibility of the incorporation of specific MI exercises to improve walking skills in individuals with post-stroke hemiparesis. However, detailed practical applications and specific protocols for the implementation of MI are scarce. The objective of this manuscript is to propose practical applications for a structured MI regimen, including detailed protocols of a six-week intervention targeting gait improvement following stroke. The proposed regimen is based on previous experience with MI rehabilitation programs for gait improvement following stroke, motor learning principles with applications for stroke rehabilitation, and the PETTLEP model. The proposed detailed protocols were found to be adjusted for gait improvement of post-stroke survivors as described in several studies, and may address the targets of different rehabilitation programs. Based on motor learning principles and guidelines, an example of verbal instructions for each treatment session during six weeks of intervention is proposed. The potential of this training program to augment and extend the rehabilitation process was proven in several studies. The variety of possibilities of scenes to image allows the clinician to target specific impaired performance and disabilities. By using the proposed structure and protocols, a large number of therapists may be able to address these targets.
Introduction
Many people with hemiparesis following stroke exhibit impaired gait performance, which is characterized by slower gait velocity and spatio-temporal asymmetry, compared with that in healthy adults (Hsu, Tang, & Jan, 2003; Lee, Song, Lee, & Lee, 2011) . These characteristics lead to a major cause of disability, limiting the ability to function in daily activities and affecting quality of life (Hsu et al., 2003) . Consequently, improving gait performance is considered to be an important goal in most rehabilitation programs (Hancock, Shepstone, Rowe, Myint, & Pomeroy, 2017; Kumar, Chakrapani, & Kedambadi, 2016; Lee et al., 2001) . The majority of therapies address this goal by using physical repetitions, which are thought to improve motor activity by acting as stimulations for the brain to use the circuitry that facilitates voluntary movement (Hancock et al., 2017; Riberio, Silva, Costa, Cavalcanti, & Lindquist, 2017) . One weakness of this method is that recovery is dependent on the actual performance of an impaired limb (Stevens & Stoykov, 2003) .
central nervous system provides 'practice' without body movement (Mulder, 2007) . Consequently, it has been found to be effective in learning a new task, and in relearning and improving the performance of a learned skill, in both healthy and unhealthy populations (Dickstein & Deutsch, 2007; Lotze & Halsband, 2006; Malouin, Jackson, & Richards, 2013; Schuster et al., 2011) .
Based on its potential for relearning skills, MI has become a target for many researchers in the field of neurology and especially in stroke rehabilitation, at all stages (Braun, Beurskens, Borm, Schack, & Wade, 2006; Dickstein & Deutsch, 2007; Guerra, Lucchetti, & Lucchetti, 2017; Jackson et al., 2001; Kho, Liu, & Chung, 2014; Malouin, Jackson, & Richards, 2013) . Using MI interventions in treatment has been manipulated to engage motivation, cognitive processes, motor control and sensory feedback-based learning mechanisms (Li, Li, Tan, Chen, & Lin, 2017) . However, a detailed structure of protocols that have been used during MI sessions, and/or the guiding principles of this structure, are scarce. Specific guidelines are of vital importance for clinicians who plan to implement MI interventions to their practice. Thus, the purpose of the current article is to propose guiding principles and detailed structure of the protocols for MI for gait rehabilitation following stroke.
Methods
In the proposed regimen, the program was built to progress gradually in order to meet two main rehabilitation objectives: (1) to facilitate motion of the affected extremity during walk by focusing on specific weaknesses: push-off during stance and the single-support time; and (2) to enhance practical gait within the environment, while improving speed and symmetry between the legs. As no general consensus exists regarding an MI regimen (Schuster et al., 2011) , the proposed regimen was based on: previous experience with MI rehabilitation programs for gait improvement following stroke (Dickstein, Dunsky, & Marcovitz, 2004; Dunsky, Dickstein, Ariav, Deutsch, & Marcovitz, 2006; Dunsky, Dickstein, Marcovitz, Levy, & Deutsch, 2008) , motor learning principles with applications for stroke rehabilitation (Krakauer, 2006; Shepherd, 2001) , and the PETTLEP model (Holmes & Collins, 2006) .
In the proposed rehabilitation program, each session is comprised of: (1) muscle relaxation (1-2 minutes); (2) explaining task features and environmental conditions (1-2 minutes) (Boyd & Winstein, 2003) ; (3) imaging walking using a visual perspective (5-8 minutes) (Hall, Rodgers, & Barr, 1990) ; (4) imaging walking using a kinesthetic perspective (5-8 minutes) (Hall et al., 1990) ; and (5) refocusing of awareness on the immediate environment and on body position (1 minute).
The muscle relaxation phase should include contraction and relaxation of different parts of the body, and practicing deep breathing -see verbal instructions in box 1 below.
Box 1. Relaxation phase
The MI training phases of the proposed program are based on the implementation of the PETTLEP framework (Holmes & Collins, 2006) and motor learning principles.
Holmes and Collins presented the PETTLEP framework, aimed to help the designing of MI interventions for athletes; it comprises seven components: physical, environment, task, timing, learning, emotion and perspective. In the following parts, examples for the implementation of each component of the PETTLEP framework and other motor learning principles are presented. In addition, detailed descriptions of the contents of the MI training for each week of the intervention are provided in Appendices 1-5 (please note that in the example, the right leg is the affected limb):
Physical -This component describes the physical position of the individual, who in the current example presented in the current proposed program is sitting in a reclined position with eyes closed. more complicated one with scenes crowded with furniture/people (see in Table 1 -weeks 5-6).
Task -This component describes the tasks that should be practiced during training. As mentioned earlier, the target for the current rehabilitation program is focused on two tasks: enhanced push-off and longer single support time of the affected limb. Accordingly, these two tasks appear in each of the training sessions, and are practiced repeatedly (see example in Table 1 , weeks 1-4). In addition, for better retention of the tasks, exercises are applied randomly rather than in blocks, thus both tasks are practiced randomly in-between the other tasks (Krakauer, 2006 ) (see examples in Appendices 1-5).
Variety of tasks and environments -Improved learning occurs when participants practice a variety of associated tasks and receive feedback sporadically, in order to allow time to put together sensory cues into movement (Boyd & Winstein, 2003) . Motor learning is also dependent on the form and amount of practice (Kleim & Jones, 2008) . In order to fulfill this requirement, in the proposed program the tasks change from concentrating on the unaffected limb to concentrating on the affected leg, and then concentrating on both limbs (see example in Table  1 , week 2), and from focusing on improving push-off to enlarge the single support time on the affected limb (from week 2 to week 3).
Timing -This component describes the duration of the imagery. In the current example, 15-20 minutes treatment sessions are performed three times a week for six weeks. This schedule was chosen based on previous reports about improvement of gait following rehabilitation programs lasting between four to eight weeks, and because considerable enhancement has been established following three weeks of MI rehearsal (Dickstein et al., 2004; Page, Levine, Sisto, & Johnston, 2001) .
Learning -This component describes the learning or changes involved during imagery; the content of each MI session should be accommodated and modified during treatment in accordance with changes in actual gait functioning. In the current example, in order to address the changes in walking velocity the cadence of walking is increased by changing the metronome's tempo (see example in Table 1 , week 4).
Problem solving -As improved learning was found to occur when the nervous system is encouraged to find active solutions to motor control problems (Kaelin-Lang, 2004; Muller & Sternad, 2004) , it is suggested that training should focus on task-specific problem solving. This can be done by asking the participant to imagine a room with a variety of furniture, and then asking him/her to find the best way to get to specific targets (see example in Table 1 , week 6).
Emotion -This component describes the emotions that are related to the task. In order to engage motivation as well as emotional sensations (Holmes & Collins, 2006; Schuster et al., 2011) , reinforcement should be guided through imagery of feelings of assurance in walking and of positive achievement of the tasks. Accordingly, the instructor inspires feelings of security, serenity and satisfaction during the imagery walking (see the example of verbal instructions in Box 2 below).
Box 2. Verbal instructions for confidence and satisfaction
Perspective -This component describes imagery perspective. In order to address different perspectives during training, in the proposed protocols internal as well as external imagery scenes are applied (see Table 1 -example for external imagery in weeks 1 and 2, and for internal imagery in weeks 3 and 4). In addition, for better engagement in MI training as well as for better rehabilitation outcomes, different sources of sensory information should be integrated (Driver & Spence, 2000; Kleim & Jones, 2008) . Thus, in the proposed protocols both visual and kinesthetic sensory modalities are being used. It has been shown that both kinesthetic and visual imagery are beneficial (Dickstein & Deutsch, 2007) , and a combination of these two methods is believed to lead to superior performance, and to contribute differently than if used individually, during motor learning processes (Dickstein & Deutsch, 2007; Guillot et al., 2009; Jeannerod, 1994; Lotze & Halsband, 2006; Malouin & Richards, 2010; Mulder, 2007; Vergeer & Roberts, 2006) . Visual MI takes either a first-or a third-person perspective, that refers to the scenes of the participant in his/her environment (Guillot & Collet, 2005) . The participant imagines viewing himself/herself performing an action or viewing someone else performing an action (Guillot et al., 2009) Watch your movements; you are very calm have confidence in yourself. You look forward with no worries and continue walking. Feel how your back is erect, how you feel assurance equally in both feet. Focus on the feeling of your body, your back is straight, you have confidence in yourself.
(see example for verbal instruction in Table 1 , weeks 1-2). Kinesthetic MI concentrates on somato-sensory sensations when imagining performing the action (Guillot & Collet, 2005) . The participant imagines himself/herself performing an action while sensing bodily sensations (Guillot et al., 2009 ) (see example for verbal instructions in Table 1 , weeks 3-4).
The refocusing phase should include awareness on the actual environment and on the immediate body positionsee verbal instructions in Box 3 below.
Box 3. Refocusing phase

Results
Based on the above principles and guidelines, six protocols were built. An example of detailed verbal instructions for each treatment session during five weeks of intervention can be seen on appendices 1-5 (in addition, instructions for the 4 th week can be seen at Dunsky et al., 2008 -APPENDIX 2) . In addition, a summary of those appendices is presented on Table 1 . Picture yourself walking at a comfortable pace on a path with no obstacles.
Look more closely at your limbs, now concentrate on your feet. Focus on each foot at a time.
Look at your right foot. Watch how it accomplishes exactly the same movements your left foot just did. See the right heel touches the path, the forefoot pushes back, the foot goes up, and the foot advances forward, and touches the path.
2 Focus attention on the propulsive force during push-off, using a 'slow-motion' technique, and increase the number of repetitions. Now visualize this very slow: you put your foot on the path, push back, you lift your heel, the foot is rised and is sent forward, and then you put again the heel.
See it one more time (repeat the same instructions).
Now enlarge the view so that you can see both feet. Follow them one after the other: look at the right foot touches the path, pushes back, the heel is raised, while the left foot touches the path, pushes back, the heel is raised, and now the right heel touches the path. Watch this performance four more times.
3
Emphasis is placed on loading of the affected limb during stance.
Concentrate on your right foot very slow. Feel your foot touches the path, and your body weight moves over it. Focus on this feeling -your body-weight is supported by your right foot, the left leg is in the air, you are stable. Now feel that your left foot is sent forward, while your right foot pushes the ground, the foot rises and is sent ahead.
4
Practicing previous elements within the walking cycle; practicing increased cadence, while keeping symmetry.
Focus on the feeling in both feet. First the right foot -touches the ground and pushes backwards, while the left foot touches the ground, pushes backwards, and is sent far forward. Feel this consequence four more times (the instructor waits few seconds).
I will activate the tempo of the metronome; try to adjust yourself to this tempo. Visualize a vivid image of yourself standing near a sofa and looking at your kitchen. You are erect, and relaxed.
You start walking at a calm pace.
Now focus on the appearance of your feet, performing the sequence of walking, one following the other.
6
Practice gait towards significant objects, on different surfaces (i.e. roads or grass).
Imagine the views in the street, other people that are walking on the sidewalk near you, the cars on the road. Nothing disturbs your walk.
Focus on the feelings of your feet. Adjust your steps to the surrounding. If there is something in the way, walk around it, with confidence.
Discussion and Conclusions
Improving walking ability among people after a stroke is considered as a critical goal of rehabilitation (Braun et al., 2006; Dunsky et al., 2006; Dunsky et al., 2008) . The possibility of a MI practice to supplement the rehabilitation process was proven in several studies (Braun et al., 2006; de Vries et al., 2013; Dickstein et al., 2004; Dickstein & Deutsch, 2007; Dunsky et al., 2006; Dunsky et al., 2008; Guerra et al., 2017; Kho et al., 2014; Kumar et al., 2016; Lee et al., 2011; Li et al., 2017; Malouin & Richards, 2010; Mulder, 2007; Stevens & Stoykov, 2003 ).
In the current suggestion for training protocol, walking speed was chosen as the most important target for improvement as slow walking speed is considered a crucial functional limitation for people following stroke (Dickstein et al., 2004; Dickstein & Deutsch, 2007; Dunsky et al., 2006; Dunsky et al., 2008; Hancock et al., 2017; Hsu et al., 2003) . For gait speed improvement, the protocols concentrate on increasing both cadence and stride length. Training sessions are gradually developed over the intervention while reinforcing a symmetrical gait by enhancement of push-off, and by lengthening single support time on the affected foot.
Findings of studies that used the suggested MI protocols indicate increased walking speed, that may be the result of the use of metronome in the program (Dickstein et al., 2004; Dunsky et al., 2006; Dunsky et al., 2008) .
The described MI practice protocols may be suggested as a practical home exercise program based solely on imagery. The improvements achieved by people who were involved in such interventions are promising and call for further research.
In summary, there is a general agreement of the use of MI practice as a rehabilitation instrument for impaired gait following stroke. In the presented protocols, the PETTLEP framework and several motor learning principles were incorporated to enable achieving the rehabilitation's targets. The variety of possibilities of scenes to image allows the clinician to target specific impaired performance and disabilities. By using the proposed structure and verbal guidance suggested, a large number of therapists may be able to address those targets. Picture yourself in a very quiet place. It looks like a nice park with flowers and trees, the weather is wonderful, just as you like it.
In front of you, you can see a straight and clean path.
Picture yourself clearly, standing on this path.
Your trunk is straight, your face is looking forward with confidence. Now view yourself start walking calmly on the path.
Look at your whole body, it is straight and relaxed. Now, focus closely at your limbs, and gradually concentrate on your feet. Focus on each foot at a time. Begin with your left foot*.
See the heel touches the path, see how the forefoot pushes backward, and how the whole foot goes up and forward to touch the path again.
Now watch your right foot*. See how it accomplishes exactly the same movements your left foot just did, watch it slowly. See the right heel touches the path, the forefoot touches the path and pushes back while the heel goes up, see the foot goes up advances forward to touches the path again.
Watch four more steps in the same performance (the instructor should wait for 5 seconds, without instructions aloud).
Part 3 -Now see how you go a little faster, you are doing it calmly, while both feet perform the same movements (the instructor should wait for 5 seconds).
Part 4 -Now enlarge the view to see your whole body. Your walking is comfortable and relaxed. Your look is fearless, while you are watching the surrounding environment. See yourself walking like this while both limbs continue to perform the same movements smoothly.
Appendix 4 -motor imagery protocol* -Week 5
Focus: Imagery practice of walking toward meaningful targets indoors.
*In the following protocol the right limb is the paretic limb.
For protocol of week 4 see Dunsky et al., 2008 All texts presented in an Italic font are for the instructor, other should be read aloud towards the patient.
Begin with Part 1 on Appendix 1 Continue with visual Imagery:
See yourself in a familiar place -your house or another familiar indoor environment. There are no people around, but there is some furniture that could affect the walking path.
Picture yourself standing near a sofa planning to walk to the kitchen.
As always, see at how confidence and calm you look. Now see yourself start walking towards the kitchen in a comfortable pace.
Gradually ignore the surroundings and concentrate on the appearance of your feet.
Watch each leg separately. Begin with your left foot*.
See how it touches the floor, how it pushes backward, goes up and touches the floor again. Now try to see it again in slow motion: the foot touches the floor, pushes back, and now see how it goes up and far, far forward before it touches the floor.
Now watch your right foot*. See how it accomplishes exactly the same movements your left foot just did. See the right heel touches the floor, the forefoot pushes very strong back while the heel goes up, see the foot advances forward, and again touches the floor. Now look at both your feet. Watch them as they perform those movements one by one, at the exact same manner. Concentrate on the way each foot is pushing strongly backwards and then going far forward.
Perform Part 4 on Appendix 1, and add the following part:
While walking this path from the sofa to the kitchen, you are able to change the walking course if necessary, to pass by a chair or a table on your way -any of those changes does not change your comfortable walking, until you get to the kitchen.
You stop there and drink a glass of water.
Look at yourself. You are part of the surroundings. You are sure of yourself, just as you were before the stroke.
Let's concentrate on the sensations inside your body, while you will go back toward the sofa.
Perform Parts 6 and 7 on Appendix 1, and add the following part:
The whole time you walk towards the sofa, feel you have no hesitations. Feel confidence equally in both your legs.
Gradually slow down until you reach the sofa, you turn around and sit on it, and relax.
Perform Part 9 on Appendix 1.
